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INTRODUCTION 
The link between teaching machines and pro-
grammed instruction has been almost inseparable. 
Because of poor public relations by the publishers 
and slow acceptance by the college instructors, 
many false ideas were conceived by the classroom 
teachers. As a result of the opinions prematurely 
for.med, the elementary and secondary teachers have 
been hesitant to investigate the practicability or 
potentiality of programmed learning and instruction. 
There is still a reluctance of the teacher to view 
programmed instruction open-mindedly. 
Because of the revolutionary gadgets of the 
space age and the automation of industry, the 
dedicated teacher felt that there might be an out-
side chance that some fool {or inventive genius) 
might come up with a machine that would really do 
away with teachers. This idea is far from the 
truth. Teaching machines and programmed instruction 
are designed only to take the drudgery out ot teach-
ing. They are so designed that the teacher will no 
longer need to drill the student in order to attain 
the rote memory work that must take place for the 
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basic understanding of any subject matter. This 
new device, if used correctly, will give the teacher 
an opportunity to teach the individual--not merely 
to talk at a class of 25 uninterested and bored 
pupils. 
Let us consider the ideal teaching situation. 
Most learning will take place where there is an 
active interplay of ideas and thoughts between the 
students and teacher. Suppose a one-to-one corre-
spondence could be made with the teachers and 
students. No time would be wasted because the gifted 
students would not have to sit back patiently while 
the teacher spent the class time with the slower 
students. 
The teacher could, by asking leading questions, 
have the student discover the particular ideas de-
sired. The student would be actively participating. 
This is one requirement of learning. Learning cannot 
take place by passive observation. The student must 
be motivated to participate actively. 
Suppose, after experimenting with several 
methods of questioning, this particular teacher wrote 
down the best method of teaching a particular topic. 
The teacher would record the best questions in the 
order to be presented. Another requirement for the 
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master teacher would be that he be well-acquainted 
not only with the particular subject matter, but 
also with the processes of learning. Suppose farther, 
that this master teacher perfected the content and 
order of his questions to a point where 80 to 95 
per cent of the students could answer the questions 
without too much difficulty and the desired learning 
would take place. Finally let us suppose that these 
questions are now really self-sufficient. The master 
teacher is now free from the drudgery of repeating 
the same material to different students. A less 
skilled tutor could be hired to perform the task 
of asking the questions. 
Now let us consider the school district which 
cannot afford even the least expensive tutor for 
each student. In desperation, the diatrict turns 
again to the master teacher for a solution. 
"The solution is obvioua,n answers the master 
teacher. "Since you cannot afford a tutor for each 
child, simply develop an inanimate tutor for him." 
This inanimate object which presents the orig-
inal questions of the master teacher is, if you will 
pardon the expression, "a teaching machine." The 
questions themselves, in the order specified by the 
master teacher, are called the "program." 
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The preceding discussion was used to illustrate 
the meaning of the new words which will frequently 
be used in this paper. Since the field of programmed 
instruction has only recently been developed, there 
has been little agreement concerning the terminology 
to be used. Even the spelling of the word "pro-
granJined" is not agreed upon. However, the writer 
will define the vocabulary used as we proceed. 
'WHAT IS PROGRAMMED INSTRUCTION AND LF..ARNING? 
The learning process has always been a topic 
of exploration of the great educators, philosophers, 
and psychologists. These men have tried to predict 
the situations in which learning would or would not 
take place. Whenever a theory was hypothesized by 
one of the group, his colleagues would demand proof 
or justification of his theory. Because humans have 
too many pre-experimental variables and they do not 
particula~ like to be used as "guinea pigs," the 
individual placed in the position of validating his 
theory would have to turn to lower members of the 
animal kingdom for experimental subjects. Pavlov 
used this method of verification with the assistance 
of dogs. He learned that with the use of certain 
stimuli, certain responses could be obtained. 
B. F. Skinner, an experimental psychologist, 
used pigeons to obtain the same response-reward 
result. By the use of a stimulus, in this case 
food, Skinner was able to condition the pigeon to 
turn around in circles at the presence of certain 
colored lights. 
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A skeptical reader might question the appli-
cation of the response-reward pattern of animals 
to the learning of children. Hungry dogs and pigeons 
can be taught, but what about well-fed school children? 
How can children use this method to learn? If we look 
at the conclusions of Dr. Skinner, some light is cast 
upon answers to these questions. Skinner concluded 
that pigeons were taught in very small steps. If 
immediate rewards were given after each correct move, 
then the pigeons would disregard unrewarded responses 
and only repeat those that are rewarded.! 
With the use of his results, Skinner concluded 
that he should devise a system in which the student 
will be informed immediately as to the correctness 
of his answer. The student would receive immediate 
reinforcement of his response. Thus the student will 
be motivated to proceed further and learning would 
take place. 
The program to be used in programmed instruo-
tion has several essential elements. These are: 
1) an ordered sequence of stimulus items; 
2) to each of which the student responds 
in some specified way; 
3) his response being reinforced by immed-
iate knowledge of results; 4) so that he moves by small steps; 
1Benjamin Fine. Teaching Machines. (New 
York, 1962). p. 47. 
5) therefore making few errors and prac-
ticing mostly correct responses; 
6) from what he lmows, by a process of 
successively closer approximation, 
toward what he is2supposed to learn from the program. 
The type of program described is a Skinnerian 
program. This type is called linear programming. 
Another type is the scrambled program developed 
by Crowder. Both types will be topics of discussion 
later in the paper. 
Since Skinner is primarily responsible for 
the current industry and interest in programmed 
instruction, it is fitting that we describe his 
program first. 
The first element in the preceding list des-
cribes the common frame. The material presented 
in a program is developed bit by bit as an ordered 
sequence of stimulus items. Each small piece of 
the program is called a frame. The answer to each 
frame depends upon the portion of information stated 
in the frame as well as the information developed 
in previous frames. According to the psychologists, 
there is no better way to encourage and motivate a 
student than to let him discover over and over again 
that he is right. The frame is developed with this 
thought in mind. Most programmers believe that the 
2w11bur Schramm. Programed Instruction Today 
and Tomorrow. (1962). p. 2. 
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fewer mistakes that are made by a student in a given 
program, the more learning takes place. 
The second characteristic of programmed in-
struction is the necessity of an active response by 
the student. No longer can a student become part 
of the furniture in a classroom if he happens to 
dislike the subject, the teacher, or is merely tired 
from watching too much television the previous night. 
This is one characteristic the writer likes about 
programmed instruction. The student must respond 
actively in some manner. In most programs, the 
pupil fills in a blank or pushes a button. No matter 
whether his response is correct or incorrect, the 
student must respond. 
With the response having been made, the emphasis 
shifts to the third essential element of programmed 
instruction. This element is the reinforcement of the 
knowledge of the results of his answer. If his answer 
is correct, he proceeds to the next frame with the 
feeling of accomplishment. If his answer is incorrect, 
he is not scolded or reprimanded by an irritable 
teacher, but he simply re-reads the frame or reviews 
several preceding frames and reworks the problem. 
Usually the student can find his own mistakes. The 
teacher, however, should always be present and willing 
to give the student some individual help. 
-10-
Since the student is not competing with the 
rest of the class in a race to see who finishes first, 
the student can proceed at his own rate. Because the 
frames deyelop the subject by using small bits of' inf'or-
mation until the complete idea is expounded, the 
student may consume these ideas at his own indiv-
idual rate. If he is an intelligent student with 
a knack for the subject, he may finish the course 
in one-half the time usually required f'or completion. 
If he is a slow learner with a small vocabulary, 
he may require a term longer than what is usually 
required. However, the point is not how fast the 
student completes the program, but that the student 
does complete it. In the above manner, the emphasis 
is shifted to the individual differences of the stu-
dent. This shift is presently being advocated by 
leading professional educators. 
Because the program does not require the student 
to reach conclusions hastily, he makes few errors 
and thus learning is a seemingly painless experience. 
This approach is contrary to the opinions of many 
of the old school of thought who contended a student 
lea.med by his mistakes and if he did not make any 
mistakes, he was not learning. If one agrees with 
Skinner and the majority of present-day psychologists, 
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he will accept the idea of few mistakes--more learn-
ing. It is practically impossible to construct a 
program in which all students could complete with 
all correct responses without the program becoming 
exceedingly boring for even the slowest child. 
Usually an average of 85 to 95 per cent of correct 
responses is strived for by the authors of programs. 
The student is led through the program by 
developing the single concepts to form more complex 
ideas. Each frame is connected in some manner with 
a previous frame. Since the student has made few 
errors and his answers have been confirmed by the 
teacher or program, he believes he has discovered 
the generalizations. 
The preceding type of programmed instruction 
was first tried and tested by B. F. Skinner, a 
psychologist at Harvard University, in 1954. How-
ever, Sidney Pressey, another psychologist, devel-
oped a machine shortly prior to 1920 that could 
produce measurable amounts of learning in students. 
After experimenting and publishing his results, he 
found little enthusiasm among educators or psycholo-
gists. 
, 
Pressey s machine consisted of a drum and a 
frame around it with a viewing window. Also four 
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keys or buttons were provided. The student would 
read the frame of the program through the window 
provided and select one of the four multiple-choice 
type answers. If his answer was correct, the student 
would choose another key. The drum would not rotate 
until the correct answer or key was chosen. A counter 
was provided to record the number of correct or in-
correct responses. 
With no support from his colleagues or other 
educators, Pressey abandoned his efforts and pro-
grammed instruction study lay dormant until Skin-
ner presented his theory of learning and his teach-
ing machine. Skinner received support from many 
psychologists. One of these was N. A. Crowder. 
Crowder decided to use an innovation of Skin-
ner• s program. Instead of using a frame of one or 
two sentences, Crowder used two or three paragraphs 
to explain one part of an idea. Then a choice of 
two, three, or four possible answers were given. 
With each answer, the student was directed to another 
page in the book. On this page, the student was told 
whether the first answer was correct or incorrect. 
If the answer was correct, then the student was given 
another frame to work as in a Skinnerian program. 
However, if the original answer was incorrect, an 
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explanation of the solution was given and the student 
was re-routed to the original question. This type of 
programming is called branching. If the program is 
contained in a textbook, the book is called a scrambled 
textbook. 
Obviously the branching technique would allow 
the better student to skip unneeded frames while giving 
the slower student more detailed explanations of the 
material. 
However, Crowder's programs have not been ac-
cepted with the enthusiasm of Skinner's linear programs. 
The extreme difficulty of programming a branched 
program and the questionable sequence of steps are 
primary reasons for the lack of enthusiasm. Another 
complaint of Crowder•s programs is that the student 
is always turning pages. The teacher has a very 
difficult time keeping track of the progress of each 
student. 
Teaching machines are mechanical devices for 
the presentation of programs. These machines range 
in price from 15 dollars to 50,000 dollars. The very 
simple type is a container for pages of the progrannned 
material. By turning a knob, the student views the 
frame, responds by writing on a roll of paper or on 
the program itself, and then by turning the knob again, 
the answer is checked with the given answer. More 
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complex machines can be electronic computers pro-
grammed to accomodate Crowder's branched programs. 
Filmstrips coordinated with tape recorders or records 
have also been used with good results. 
The principles of programmed instruction and 
learning have been presented and the words have been 
defined. The essential elements have been stated. 
The question now arises, granting the psychological 
principles of programmed learning to be sound, how 
can programmed learning be used? We now turn to the 
answer to this and other questions. 
DOES IT TEACH? 
Accepting the learning process as described, 
the obvious question needed to be answered is to what 
extent does the program achieve its purpose? To 
secure an answer to the question, we need to know: 
(l) what subject material can be programmed, (2) at 
what levels can programmed instruction be most erfec-
tive, and (3) what are the possible future uses of 
prograromed instruction? 
Programmed instruction quite definitely does 
permeate learning. Numerous studies made by pub-
lishers as well as educators have shown positive 
reactions of students to programmed materials. Of 
course, the statistics and results of these studies 
need to be scrutinized very carefully before accep-
tance is granted. Most studies have involved a test 
group and a control group of students taught by 
conventional methods. Disregarding the experiments 
of publishers, whose conclusions probably draw the 
most skepticism, we see that the studies performed 
by the educators demonstrate that most students learn 
as well as or better than when they are in the con-
ventional teacher-student situation. 
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Another result of experiments shows that the 
student requires about 27 per cent less time to com-
plete the same material by programmed instruction 
as by conventional class methods.3 The fact that 
much time is wasted in the regular classroom rou-
tine has been common knowledge for many years. Pro-
grammed instruction permits the students to proceed 
rapidly through frames that he understands while 
slowing down to comprehend more difficult ideas. 
The individual differences of students are handled 
automatically by the program. Gifted students can 
proceed more rapidly through the program than the 
average student while both will have attained meas-
urable knowledge of the subject matter. Several 
problems arise because of this large difference of 
frames covered in the same time by the different 
students, but these will be discussed in a later 
section. 
Ferster and Sapon {1958), in one of the earliest 
reported experiments, showed that introductory German 
could be learned in about half the time ordinarily 
3Lewis D. ~igen and Stuart Margulies. Applied 
Programed Instruction. (New York, 1962). p. 44. 
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required by the conventional classroom method.4 
Other experiments have shown that numerous other 
subjects can be programmed to produce learning, 
yet save time as compared to regular classroom 
instruction. 
Industry has made good use of programmed 
instruction for training and retraining personnel. 
Because the pupil at this level is usually highly 
motivated to acquire the knowledge presented, he 
completes the program with relative ease and is 
off to begin earning money. 
In the programmed instruction field, it is 
generally agreed that the so-called tool subjects 
are more easily programmed. Also, since these 
subjects, as elementary mathematics, science and 
language are developed by a definite method or 
structure, they can be broken down easily and the 
students can follow the reasoning better than in 
some other subjects. Programs can grapple with facts, 
but they simply cannot teach imagination, emotional 
or artistic sensitivity, or the intellectual insight 
which relates widely different ideas.5 Temple 
4william A. Deterline. An Introduction to 
Program;:d Instruction. (Englewood Cliffs, New~ 
Jersey, .1942), p. 59. 
5Fine, p. 120 
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University has reported that some 130 courses have 
been programmed including algebra, bookkeeping, 
calculus, Latin, law, photography, psychology, read-
ing and others. 
From the above lists of subjects programmed, 
we find mostly courses for the high school and col-
lege students. It has been the trend of educators 
and publishers to advocate using programmed material 
at these levels. However, one author related the 
excitement of youngsters from four to six years of 
age who were being taught to read through programmed 
instruction. They enjoyed their studies and looked 
forward to each frame with enthusiasm. Moreover, 
they could stop when they wanted to without dropping 
behind the rest of the class. The time-saving char-
acteristic of programmed instruction was also exe.mplified 
in this reading class. It is the conviction of ded-
icated progra:mmers--if it can be learned, it can be 
progr8.Illilled.7 
The possible contributions of programmed in-
struction are numerous: 
(1) It can provide an answer for our mass education 
problem because one teacher can handle many more 
students since the students are active and there 
are fewer discipline problems. 
6Ibid.!, p. 121. 
7neterline, p. 58. 
-19-
(2) It can provide an answer to the problem or 
individual differences which is being emphasized 
by today•s educators. 
(3) It can provide an answer to the problems or 
heavily-debted school districts because of the 
lower cost per pupil. 
(4) It can provide an answer for the small school1s 
problem by offering a larger variety of courses for 
those who want to take them. 
(5) It can help solve the teacher-shortage problem. 
(6) It can provide an answer for industry's man-
power training and retraining problem. 
The list contains several of the possible 
contributions of programmed instruction. These are 
possible contributions because unless the adminis-
trators and teachers take advantage of them, no 
progress in this field will be made. The potential 
is great, but the ways and means have to come from 
the people in charge of educating our young. 
To conclude this section, the author would 
like to relate a personal experience concerning the 
use of programmed materials in Algebra One in the 
tenth grade in the high school at Mattoon, Illinois, 
which occured during the 1962-63 school year. 
Temao Programmed Materials in textbook form 
and Teaching Materials Corporation materials, pre-
sented in a simple plastic teaching machine supplied 
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with a paper roll for written responses, were selected 
to be used in a single class of twenty students. The 
students were issued the machines randomly. Pre-tests 
and post-tests were supplied by the respective companies 
for the sections covered and denoted by the number of 
frames to be covered. The algebra studied was of the 
traditional form. Both types of programmed materials 
were linear and generally the same topics were pre-
sented. The order of presentation, however, was mark-
edly different. The students proceeded at their own 
rates taking tests as sections were completed. 
The author was the teacher and had at the same 
time two other classes of Algebra One using a trad-
itional textbook. Tests prepared by the teacher and 
those provided by the program publishers were given 
to the experimental class and regular classes at the 
completion of the similar sections. Comparison of 
the test results showed that the grades of the regular 
classes were about the same as those of the experi-
mental group. One evident factor identified was that 
there was a much wider level of accomplishment in the 
group using programmed learning. While all of the 
students in the control group were at the same page 
in the book, four students had covered about 20 per 
cent more material than the control group and two 
students had covered about 20 per cent less than the 
control group. 
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After conferences between the teacher, the 
principal of the school, and the superintendent 
of the unit, it was decided to teach all classes 
in Algebra I by the use of progr8JlU'lled instruction. 
Classes of 44 and 46 students were enrolled for the 
school year of 1963-64. All students had taken 
general mathematics in junior high school and there 
were five repeating the course because of failure. 
These students were not permitted to proceed exactly 
at their own rates. The teacher would indicate to 
what frame the class was to proceed and then each 
student would proceed to that frame and stop. Slower 
students were asked to spend extra time on the pro-
gram, but most students were able to complete the 
program during class time. In most cases, there 
was no homework. 
Usually during eadh class period, there would 
be class discussion ranging in time from ten min-
utes to thirty-five minutes. Frequent quizzes were 
given to reinf'orce concepts being studied. Hourly 
exams were given at the completion of each section. 
The teacher was free to give individual instruction 
during the greatest part of the class period. 
Most students successfully completed the course. 
More topics were covered with a higher degree of 
retention than in any of the classes of the previous 
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year. Generally, the students enjoyed the class 
more than previous mathematics courses and they 
liked the idea of programmed learning. Observation 
by the author and personal discussions with students 
formed the basis of these conclusions. 
Programmed instruction was used exclusively 
in the Algebra One classes in the 1964-65 school 
year by the author. 
Accepting the evident fact that programmed 
materials can teach if used correctly, we now turn 
to the problem of the role of the teacher in a 
programmed instruction class. 
WHAT IS THE ROLE OF THE TEACHER? 
To conclude this part of the paper, we need 
to find out exactly the role of a teacher in a pro-
· grammed instruction classroom. Not only do we need 
to know what a teacher does in the theoretical sit-
uation, but also how he could counteract some of the 
voiced complaints made by the students in their pro-
gram.med materials. 
In the ideal situation, the teacher serves as 
a resource person who is available for explanation 
and gives a broader perspective to the subject. The 
teacher gives individual help to the students when 
asked and wisely circulates in the room asking students 
at random to explain in their own words a particular 
idea or concept to check their progress. The teacher 
could assign bulletin board projects or other projects 
for the faster students. It is the responsibility 
of the teacher to provide a variety of activities for 
the students. 
One criticism raised by teachers in the field 
is that they seem like they are not teaching. They 
compare themselves to a glorified secretary. 
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The teacher needs to recognize that he is not 
required to drum elementary facts into the students. 
The program does this for him. The teacher, however, 
must know exactly what is being taught at all times 
by the program. If the students have a wide range 
of ability, the task of knowing where each student 
is becomes quite challenging. It would probably be 
a good idea to have some arrangement made for students 
to grade part or most of the tests. Unless carefully 
planned, much time will be required for correcting 
papers. This time, in the cases of most teachers, 
is not available. 
Many teachers are simply apprehensive about 
any new method and refuse to try something new. 
Again, there is the fear of a machine replacing 
the teacher. As Dr. Skinner says: 
Teaching machines are ••• capital equip-
ment to be used ~ teachers to save time and 
labor. In assigning certain mechanizable 
functions to the machines, the teacher emerges 
in his proper role as an indispensable human 
being. He teaches more students than here-
tofore, which is inevitable if the worldwide 
demand for education is to be satisfied, but 
he will do so in fewer hours and with fewer 
burdensome chores. In return for his greater 
productivity, he can help to improve his economic 
condition.9 
It is to be reiterated that programmed learn-
ing is in its primary stage. The best material has 
9Fine, p. 105 
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many flaws and the learning process is still under 
close scrutiny. Some flaws that need to be corrected 
are: 
(1) 
(2) 
(3) 
(4) 
Students occasionally complain of boredom. 
Some of the children cheat, look ahead 
in their books, skip over the hard 
questions and appear indifferent. 
Some students are not able to work in-
dependently. 
Some students lack genuine understanding 
or appreciation of the subject.10 
Of course there are no clear-cut solutions for 
any of these problems. However, since these complaints 
or problems have arisen in all programmed instruction 
classes, the author would like to suggest possible 
actions to alleviate the situations. 
The complaint of boredom by students is usually 
based on the fa(::t that there is a lack of variety in 
classroom activity. All class periods should not 
be devoted to the working on programs. Different 
activities should be initiated by the teacher to re-
inforce the learning of a particular subject being 
studied. Panels, student reports, films or film-
strips, and other activities could be used. The 
inability to read and comprehend could also be a 
reason for boredom of the student. 1rhe teacher 
should be able to spot these students quickly and 
be ready to give individual help. 
lOibid., p. 110. 
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The fact that some students do not use the 
programmed materials correctly is probably due to 
the fact that the teacher did not explain the rea-
sons for correct use of the program. The student 
will soon realize that it is not the answers that 
are important, but it is the concept or manner be-
hind the answer that needs to be understood. This 
problem should work itself out as soon as a test 
or two are taken. 
The third complaint is a valid one. Many 
students find it difficult to work on any subject 
for an extended length of time. The solution to 
this problem could probably be solved by having 
teacher-student conferences and, if possible, con-
sulting the school psychologist. Of course, the 
inability to concentrate on any new subject matter 
is not only a problem for programmed instruction, 
but also for any type of classroom instruction. 
If a student lacks an understanding or an 
appreciation of the subject, it is the respon-
sibility of the teacher to give an overall view of 
the particular subject and its relationship to the 
rest of the field. The teacher needs to indicate 
the types of topics to be covered and their im-
portance to the student, since the student does 
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take such small steps. Tb.e frames build toward the 
end result piece by piece. 
The preceding problem as well as other flaws 
will appear with the continued use of progra.nuned 
materials. Extensive studies need to be made by 
publishers and educators to eliminate these problems. 
However, regardless of research and conclusions gained 
from the studies, the basic requirement for success 
of the programmed instruction lies solely in the 
hands of the classroom teacher. If the teacher is 
well-organized and enthusiastic with his students, 
the materials will be completed successfully. 
One further point needs to be made concerning 
the programs used in programmed instruction. The 
very fact that a subject is broken up into extremely 
small steps suggests that the programmer must have 
a working lmowledge of the learning process and the 
subject matter. Suppose a teacher was able to break 
his subject into small, sequential steps for maximum 
learning. The teacher would be better qualified to 
teach this given subject. A better understanding of 
the art of teaching would be gained by the teacher. 
It is for this reason that the author will investigate 
the mechanics of programming, and will in fact, pro-
gram a short lesson in the final section of this paper. 
METHODS OF PROGRAMMING 
In order to construct a usable program, the 
programmer must have a workable knowledge of both 
the subject matter and the learning process. The 
programmer must determine a set of goals and objec-
tives, the programmer needs to reduce the topic to 
be progrannned into a series of short steps or frames. 
The order of the frames should then be scru-
tinized to determine if the program will produce 
learning and also if the program is in its most 
efficient form. The most efficient form would be 
the inclusion of only that number of introductory, 
developmental and review frames which would produce 
the desired learning. 
After a program has been written, two types 
of testing need to be made to evaluate its ef'.fec-
tiveness. Both developmental and validation testings 
need to be made.11 Developmental testing should be 
carried out with a relatively small number of subjects 
on an intensive basis. The primary function of such 
developmental testing is to improve the program. The 
llAlfred de Grazia and David A. Sohn. 
!~~ch~~,,[, ~ Machin§§. · (New York, 1964}. 
Pro~rams, 
P· . a. 
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kind of data collected does not readily lend itself 
to statistical analysis. Students are permitted to 
question the editor before responding to the frame. 
It aframe is missed, the editor may question the 
student and thereby gain insight for improvement of 
the program. Data on errors made by the student have 
little meaning. Revision of the programs is not 
necessarily restricted to the frames which produce 
errors. Such revisions require familiarity with 
the techniques of teaching and of the contents of 
the program. 
When a program nears its final form, a vali-
dation test is given to gather data on the performance 
characteristics of the program as a whole. The 
validation test is carried out on a representative 
population selected to sample those for whom the 
program is intended. 
Much could be written about the results of 
the validation tests. Time required to cpmplete 
the program, achievement scores on the final exam-
ination, error rates per problem and per student, 
difficulty of each frame, and other statistics could 
be analyzed and used to make improvements in the 
program. It is not the purpose of this paper to 
give a statistical analysis of any single program. 
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However, the illustrative types of data are of 
interest to the programmer in three main directions. 
The first is of course the practical task of improv-
ing the given program. A second use of the data is 
in the improvement of the programming technology at 
large. The third region of significance is that the 
high achievement produced, independent of variations 
in time and IQ, serves to underline the opportunity 
and challenge to educational adminstration.12 
12rbid., p. 85. 
AN ILLUS1'RATIVE PROGRAM IN Y.tATHF.J".tATICS 
The following program was written to serve as 
an illustration of programmed instruction. It is not 
intended to serve as a paragon of programs. As a 
matter of fact, the program has many imperfections 
which could be criticized by the skilled programmer. 
However, since the main objective is to illustrate 
the steps required for creating a program, the 
following is submitted as an example of a linear 
program. 
The topic of the program is a unit lesson in 
mathematics. The unit involves the use of systems 
of linear equations and the meaning of our system 
of enumeration. The program is written for the high 
school mathematics student who has had experience in 
solving simultaneous linear equations. Tenth or 
eleventh grade students would usually have the re-
quired mathematical background needed to work the 
program. 
It is hoped that the program, when completed, 
will enable the student to achieve the following 
objectives: 
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(1) To gain a deeper understanding of our decimal 
system of enUllleration; 
(2) To understand better the methodology of solutions 
of verbal problems; 
(3) To be able to use simultaneous equations of two 
and three unknowns to solve verbal problems. 
The program was first written on notecards. 
The program was then submitted to developmental test-
ing, as described earlier in this paper, by two 
students who were entering the eleventh grade. Both 
students had completed a traditional plane geometry 
course. Each was given a fifteen minute review on 
the solution of simultaneous linear equations before 
advancing to the program. Using the results of the 
developmental tests, revisions were made in the pro-
gram. The program, as revised, is the concluding 
section of this paper. 
DIRECTIONS TO TH~ STUDENT: Before beginning the 
I 
I 
program, fold a Ishee t of paper lengthwise and cover 
the right halt o
0
f the program. Read carefully the 
first question r frame and write the answer on a 
separate sheet of paper. Slide the paper down to 
find the answer Ito the first frame only. Proceed 
until the progr± is completed. 
If a mist, e is made, re-read the frame and 
I 
check your solu~ion with the one give. There are 
I 
several methods )or solution for most problems. 
The method give1 by the author is not necessarily 
the only correc~ method. 
I 
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1. There are many ways of re-
presenting a number. The word 
fifteen and the numeral ? 
represent the same number. 
2. There are also several ways 
of representing the same num-
eral. 8+3 and 7+4 represent 
the sa.me __ ?_. 
15, xv 
numeral 
3. 8 + 9 and 23 - 6 represent 17 
the same numeral, whieh is ...J__. 
4. When we write the numeral 
25, we mean 20 + 5. 92 would 
mean ? + 2. 
---
5. 364 means ? hundreds plus 
? tens plus ? ones. 
6. Could 364 be represented 
by 591 - 227? 
1. However, when we use ones, 
tens, hundreds, thousands, etc. 
to represent numbers, we are 
using TEN as the base. Using 
base ten, write 2917. ? • 1000 
-
+ ...J__• 100 + ...J__• 10 + ...J__• l. 
90 
3 hundreds plus 6 tens 
plus 4 ones 
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8. Represent 625 using our base 
ten system. 
9. In the three digit numeral, 
537, the 5 is called the hundreds' 
digit, the 7 is called the ones' 
digit. The 3 is called the __!..,_ 
digit. 
lo. In the number 425, the 4 has 
the value of ? or -1..: 100. The 
4 is called the ? digit. 
11. The 2 in the number 425 has 
the value of ? or __!_: 10. 
The 2 is called the ? digit. 
12. The 5 in the number 425 has 
a value of ? or ? •l. The 
- -
5 is called the ? digit. 
13. In 938, 
the 3 has a value of ? 
the 8 has a value of ? 
the 9 has a value of ? 
14. In 938, 
the 3 is the 
the 8 is the 
---
digit, 
---digit, 
the 9 is the digit, 
---
or 
or 
or 
? • 
-
? • 
-
? • 
-
tens' 
400 or 4•100 
hundreds' 
20 or 2•10 
tens' 
5 or 5•1 
ones' or uni ts• 
30 or 3•10 
8 or 8•1 
900 or 9•100 
tens• 
ones' 
hundreds• 
--
-36-
15. Suppose the tens' digit of a 
three-digit number is 6. Then the 
six would have a value of 6•10. 
Suppose the tens' digit is y. Then 
they would have a value of~·~· 
16. What value would x have if it 
was the ones' digit of some number? 
17. Suppose y represents the tens' 
digit and x represents the ones• 
digit. Which of the following 
would represent this two-digit 
number? ( xy, lOy + x, lOx + y ) 
18. How could you represent 
a three-digit number if z is 
the hundreds' digit, y is the 
tens' digit, and x is the ones' 
digit? 
19. Suppose the numeral 756 
has its digits reversed. What 
would be the new number? 
Y•lO or lOy 
x•l or x 
lOy + x 
Z•lOO + y•lO + X•l or 
lOOz + lOy + x 
657 
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20. Suppose the number repre-
sented by lOOz + lOy + x has 
its digits interchanged or 
reversed. What would be the 
representation of this new 
number. 
21. PROBLEM I: The sum of the 
digits of a two-digit number is 
1. If 45 is added to the number, 
the digits will be interchanged. 
Find the number. 
Solution: Let x be the ones' 
digit and y be the tens' digit. 
Then (lOy + x) represents the 
number and ( ) represents 
---
the new number when the digits 
are reversed. 
22. Solution to PROBLEM I con-
tinued: Represent the statement 
"If 45 is added to the number, the 
digits will be interchanged." 
23. Solution to PROBLEM I con-
tinued: Represent the statement 
"The sum of the digits is 7." 
lOOx + lOy + z 
lOx + y 
{lOy + x) + 45 = (lox + y) 
x + y = 7 
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24. Solution of PROBLEM I con-
tinued: Simplify the second 
equation of our system of sim-
ultaneous linear equations. 
1) x + y = 1 
2) (lOy + x) + 45 = (lOx + y) 
25. Solution of PROBLEM I con-
tinued: Solve the resultant 
system of equations by elimi-
nating the y terms. 
l) x + y = 1 
2) x - y = 5 
(lOy + x) + 45 = (lOx + y) 
lOy + x + 45 = lOx + y 
45 = 9x - 9y 
9x - 9y = 45 
x - y = 5 
x + y = 7 
x - y = 5 
2x = 12 
x = 6 
Then (6) + y = 1 
y = 1 
26. If the value of x (the ones' 16 
digit) is 6,and y (the tens' digit) 
is l, then the unknown number is 
? • 
---
27. Solution of PROBLEM I con- l) (6) + (1) = 7 ? 
tinued: Write the check for 7 = 7 ? 
both original equations. It checks 
l) x + y = 7 2) (10 + 6) + 45 = (60 + 
2) (lOy + x) + 45 = (lOx + y) 16 + 45 = 61 
61 = 61 
It checks. 
l)? 
? 
? 
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28. PROBLEM 2. The sum of the 
digits of a two-digit number is 
6. If 18 is subtracted from the 
number, the digits are reversed. 
What is the number? (Write out 
the complete solution.) 
29. Write out the complete 
check to PROBLEM 2 if x = 2 
and y = 4. 
l) x + y = 6 
2) (lOy + x) - 18 = (lOx + y) 
30. PROBLEM 3. In a two-digit 
number, the tens' digit is 2 more 
than the units' digit. The number 
is 7 times the sum or its digits. 
What is the number? 
Let x be ones' digit 
y be tens' digit 
(lOy + x) be unh'Tiown no. 
(lox + y) be no. with digits 
reversed. 
1) x + y = 6 
2) (lOy + x) 
or l} x + y = 6 
2) -x + y = 2 
18 = (lOx +y) 
Then x = 2 and y = 4 
42 is the unknown number 
l) (2) + (4} = 6 ? 
6 = 6 ? 
It checks. 
2) (40 + 2) - 18 = (20 + 4)? 
42 - 18 = 24 ? 
24 = 24 ? 
It checks. 
Let x be units' digit 
y be tens' digit 
(lOy + x) be unknown no. 
then, 
1) y = x + 2 
2) (lOy + x) = 7 (x + y) 
Solving, we have 
x = 2 and y = 4. 
42 is the rmknown number 
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31. PROBLEM 4. The sum of the 
three digits of a number is 9. 
If the order of the digits is 
reversed, the number is decreased 
by 198. If the units' and tens' 
digits are interchanged, the num-
ber is decreased by 9. Find the 
number. 
Solution: Represent the three 
equations necessary to solve 
this problem. 
32. Solution to PROBLEM 4 con-
tinued: Find the number for the 
preceding problem by solving 
the system of equations. 
1) x + y + z = 9 
2) (lOOz + lOy + x) - 198 = 
(lOOx + lOy + z) 
3) (lOOz + lOy + x) - 9 = 
(lOOz + lOx + y) 
Let x be units' digit 
y be tens' digit 
z be hundreds' digit, 
(lOOz + lOy + x)be the 
unknown number, 
(lOOx + lOy + z) be the no. 
with digits reversed. 
(lOOz + lOx + y) be the no. 
with tens' and ones' digit 
in te re hanged. 
1) x + y + z = 9 
2) (lOOz + lOy + x) - 198 
= (lOOx + lOy + z) 
3) (lOOz + lOy + x) - 9 = 
(lOOz + lOx + y) 
Simplifying: 
1) x + y + z = 9 
2) 
-x + z = 2 
3) -x + y = 1 
Subtracting (2) from (1) 
4> 2x + y = 7 
3) -x + y = 1 
Solving, we find that 
x = 2, y = 3, z = 4 
432 is the unknown number 
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33. Write the complete check 
for problem 4 if x = 2, y = 3 
and z = 4. Use the equations 
given in frame number 32. 
34. The units' digit exceeds the 
tens' digit of a two-digit number 
by 7. If the digits are inter-
changed, the resulting number is 
9 times the sum of the digits. 
What is the digit? 
35. The sum of the digits of a 
three-digit number is 9. The 
units' digit is twice the sum of 
the other two digits. When the 
order of the digits is reversed, 
the number is increased by 495. 
Find the unknown number. 
1) (2) + (3) + (4) = 9 
9 = 9 
It checks. 
2) {432) 198 = (234} 
234 = 234 
It checks. 
3) (432) 9 = 423 
423 = 423 
It checks. 
TEST-- Go to next frame. 
TEST-- End of program. 
? 
? 
? 
? 
? 
? 
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